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Abstract 
Raman spectra of phosphuranylite and yingjiangite were measured, interpreted  and 
compared with published infrared spectra of both minerals. U-O bond lengths were 
calculated using the Bartlett-Cooney‘s empirical relations and the O-H…O hydrogen 
bond lengths were inferred on the basis of Libowitzky‘s empirical relation. The 
presence of oxonium and (H3O)+ ions, expected from the single crystal structure 
analysis of phosphuranylite, was not inferred from the Raman spectra. It was assumed 
that phosphuranylite and yingjiangite are identical and the name yingjiangite should 
be discarded because the name phosphuranylite has priority.      
 
Key words: phosphuranylite, yingjiangite, uranyl,  phosphate, Raman spectroscopy, 
U-O bond lengths  
 
Introduction 
 
Uranyl minerals exhibit considerable structural and chemical diversity, and 
reflect geochemical conditions dominant during their formation. The crystal chemistry 
of minerals such as phophuranylite and yingjiangite is required especially for better 
understanding the low-temperature mineralogy, from the environmental and the point 
of view hydration-oxidation alteration of spent nuclear fuel 1,2. According to Locock, 
3,4  four major structural classes of  inorganic uranyl phosphates and arsenates have 
been recognized with respect to the concept of uranyl anion sheet topology [for details 
see references 5-7] (a) structures containing the autunite-type sheet (autunite and 
metaautunite groups), (b) structures containing the phosphuranylite-type sheet 
(phosphuranylite group), (c) structures containing the uranophane sheet anion 
topology, (d) chain structures.  Chain structures are relatively uncommon in natural 
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uranyl phosphates and uranyl arsenates and occur only in walpurgite, orthowalpurgite, 
hallimondite and parsonsite 3,4. 
 
Studies of the phosphate minerals have been undertaken for some considerable 
time 8-13.  The mineral phosphuranylite KCa(H3O)3(UO2)7(PO4)4O4.nH2O is one of 
many uranyl phosphates 14-16. The mineral is orthorhombic-dipyramidal with cell 
dimensions a = 15.778(3)-15.899(2), b = 13.702(2)-13.790(5), c = 17.253(3)-
17.330(3), Z = 4  17.Some attempts to study in detail the crystallography and crystal 
structure of have been made 11,18-21. Yingjiangite is orthorhombic, a = 15.707(3), b = 
17.424(3), c = 13.692(2) Å, Z = 4 [26].   
 
 
Three symmetrically distinct U6+ are present in the crystal structure of 
phosphuranylite. The structure of phosphuranylite is remarkable in that it contains all 
three types of uranyl coordination polyhedra that occur in minerals. UO2O5 
pentagonal (uranyl U-O bond lengths 1.80 and 1.79 Å) and UO2O6 hexagonal (uranyl 
U-O bond lengths 1.77 and 1.77 Å) dipyramids occur in the uranyl phosphate sheet, 
and a UO2O4 (uranyl U-O bond lengths 1.77 and 1.77 Å) tetragonal dipyramid occurs 
within the interlayer [26; 7, 59]. According to Locock 11, the phosphuranylite-type 
sheet is second most commonly observed sheet among the uranyl orthophosphates 
and orthoarsenates. The structure consists of layers of phosphate groups connected 
with hexagonal, pentagonal and tetragonal dipyramids centered on the U atoms. The 
Ca and K atoms are located within channels in the uranylphosphate framework, 
together with water molecules 17. 
 
There are two problems that arise with the study of phosphuranylite (a) firstly 
there is a second mineral with an almost identical composition namely yingjiangite 
18,22,23; (b) secondly there is considerable variation in the composition of the minerals. 
Crystal structure of phosphuranylite was studied by Shashkin and Sidorenko 19, Piret 
and Piret-Meunier 24, and Demartin et al. 17. Sejkora (on page 70) reports the 
composition of phosphuranylite as Ca((UO2)7(PO4)4(OH)4.12H2O according Piret and 
Meunier (1991) 24; Ca((UO2)7(PO4)4(OH)4.10H2O according to Frondel and Cuttitta 
(1954) 25KCa(H3O)3(UO2)7(PO4)4O4.8H2O  according to Demartin et al. (1991) 17 or 
(K2, Ca)(UO2)7(PO4)4(OH)6.6H2O as described by Zhang Jingyi et al. 26.  The water 
content appears to be variable. Coutinho and Atencio  27 assume that phosphuranylite 
and yingjiangite are identical and the name yingjiangite should be discarded because 
the name phosphuranylite has priority. The composition of yingjaingite is almost 
identical and has been defined as K1.3Ca0.7(UO2)6(PO4)4 (OH)2.7.8H2O  as defined by 
Chen et al. 22.  The water content appears to be variable.  
 
 Infrared spectroscopy and thermal analysis of the uranyl minerals inclusive of 
uranyl phosphate minerals was reviewed by Čejka 28. No Raman spectra of 
phosphuranylite have been published to the best of our knowledge. Infrared spectrum 
of phosphuranylite was published by Sejkora et al. 29 and Čejka 28. Infrared spectra of 
yingjiangite was presented by Chen Zhangru et al. 22 and Zhang Jingyi et al. 26 and 
reviewed by Čejka 28. Some Raman studies of uranyl phosphates have been 
undertaken 30-34.  The amount of published data on the Raman spectra of mineral 
phosphates is limited 35-39. The Raman spectra of the hydrated or hydroxy phosphate 
minerals is severly limited. In aqueous systems, Raman spectra of phosphate 
oxyanions show a symmetric stretching mode (ν1) at 938 cm-1, the antisymmetric 
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stretching mode (ν3) at 1017 cm-1, the symmetric bending mode (ν2) at 420 cm-1 and 
the ν4 mode at 567 cm-1 37,38,40. S.D. Ross in Farmer (1974) (page 404) listed some 
well-known minerals containing phosphate which were either hydrated or 
hydroxylated or both 41. The value for the ν1 symmetric stretching vibration of PO4 
units as determined by infrared spectroscopy was given as 930 cm-1 (augelite), 940 
cm-1 (wavellite), 970 cm-1 (rockbridgeite), 995 cm-1 (dufrenite) and 965 cm-1 
(beraunite). The position of the symmetric stretching vibration is mineral dependent 
and a function of the cation and crystal structure. The fact that the symmetric 
stretching mode is observed in the infrared spectra affirms a reduction in symmetry of 
the (PO4)2- units. 
 
 
Raman spectroscopy has proven very useful for the study of minerals 42-44. 
Indeed Raman spectroscopy has proven most useful for the study of diagentically 
related minerals as often occurs with phosphate minerals 45-49.  Some previous studies 
have been undertaken by the authors using Raman spectroscopy to study complex 
secondary minerals formed by crystallisation from concentrated sulphate solutions 50.  
Very few spectroscopic studies of the uranyl phosphates have been forthcoming and 
what studies that are available are not new. Few Raman studies of any note are 
available 51,52.  The aim of this paper is to present Raman and infrared spectra of the 
uranyl mineral phosphururanylite and to relate the Raman spectra to the structure of 
the mineral.   The paper is a part of systematic studies of vibrational spectra of 
minerals of secondary origin in the oxide supergene zone and their synthetic analogs.         
 
Experimental 
 
The Mineral phosphuranylite 
 
The mineral samples of phosphuranylite were supplied by Museum Vicoria 
and originated from (a) Minerva Heights, Arkaroola Station, Flinders Ranges, South 
Australia (b) Saddle Ridge Mine, Sth Alligator River, Northern Territory, Australia  
(c) Ruggles Mine, Grafton Center, New Hampshire, USA.  According to Demartin et 
al. 17 the mineral phosphuranylite has the formula 
(K,Ca(H3O)3)(UO2)7(PO4)4(O)4.8H2O.  The yingjiangite was also supplied by 
Museum Victoria and originated from Xiazhuang uranium deposit, China. According 
to Anthony et al. 53 this mineral has a formula 
(K1.9Na0.12,Ca0.95(H3O)3)(UO2)7.02(PO4)3.93(OH)6.16.8H2O. 
  
 
Raman microprobe spectroscopy 
 
The crystals of phosphuranylite were placed and orientated on the stage of an 
Olympus BHSM microscope, equipped with 10x and 50x objectives and part of a 
Renishaw 1000 Raman microscope system, which also includes a monochromator, a 
filter system and a Charge Coupled Device (CCD). Raman spectra were excited by a 
HeNe laser (633 nm) at a resolution of 2 cm-1 in the range between 100 and 4000  
cm-1.  Repeated acquisition using the highest magnification was accumulated to 
improve the signal to noise ratio. Spectra were calibrated using the 520.5 cm-1 line of 
a silicon wafer. Previous studies by the authors provide more details of the 
experimental technique 45,47-49,54,55.  
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It should be noted that because of the very small amount of sample supplied 
on loan from the museum, it was not possible to run the infrared spectra of some of 
the samples. This does show a major advantage of Raman spectroscopy in the study 
of uranium minerals is the ability to study very small amounts of mineral. Spectra at 
liquid nitrogen temperature were obtained using a Linkam thermal stage (Scientific 
Instruments Ltd, Waterfield, Surrey, England).  Details of the technique have been 
published elsewhere by the authors 50,56-61 
 
Results and discussion 
 
 The Raman spectra of phosphuranylite in the 700 to 900 cm-1 region at 298 
and 77 K are shown in Figure 1.  Raman spectra of yingjiangite at 298 and 77K in the 
700 to 1200 cm-1 region  are shown in Figure 2. The results of the band component 
analysis of the Raman spectra of phosphuranylite at both 298 and 77 K are reported in 
Table 1.   The Raman spectrum of the Saddle Ridge sample is similar to that of the 
Ruggles Mine sample but different from the Raman spectrum of the Minerva heights 
sample. Four Raman bands are observed at 816, 837, 843 and 847 cm-1 for the Saddle 
Ridge mineral and four bands at 812, 817, 832 and 841 cm-1 for the Ruggles Mine 
sample.  The spectra are also very similar to that for the mineral yingjaingite K1-
xCax(UO2)3(PO4)2(OH)1+x.4H2O where where four Raman bands at 810, 817, 836 and 
841 cm-1 are observed.   It is probable that phosphuranylite and yingjiangte are either 
one in the same mineral or form a solid solution. These Raman bands are attributed to 
the ν1 (UO2)2+ symmetric stretching modes.  Empirical relation by Bartlett and 
Cooney 62 (R = 106.5[ν1(UO2)2+]-2/3 + 0.575 Å) enables to calculate the U-O bond 
lengths in uranyl using the wavenumber of the uranyl symmetric stretching vibrations 
[R(Å)/ν1(cm-1)]: 1.765/847, 1.768/843, 1.774/837 and 1.795/816.  These data are in 
agreement with those for pentagonal, hexagonal and tetragonal dipyramidal uranyl 
coordination polyhedra inferred from the single crystal structure of phosphuranylite 
24,63 and from the general point of view for uranyl compounds as discussed by Burns 
et al. 5-7,64. It is probable that phosphuranylite and yingjiangte are either one in the 
same mineral or form a solid solution. The Raman bands at around 832 and 847 cm-1 
are attributed to the are attributed to the ν1 (UO2)2+ symmetric stretching modes.  The 
effect of obtaining Raman spectra at 77 K causes a slight shift to higher wavenumbers 
with bands observed at 816, 838 and 845 cm-1.   
 
Calculated U-O bond lengths in uranyls in yingjiangite are 1.801/810, 
1.794/817, 1.775/836 and 1.770/841 Å/cm-1, which are also comparable with those for 
phosphuranylite. The infrared spectrum of of phosphuranylite published by Čejka 28 
shows three strong absorbances at 1009, 1042 and 1090 cm-1.  The band at 1009 cm-1 
is assigned to the ν1 (PO4)3- symmetric stretching mode, the bands at 1042 and 1090 
cm-1 to the ν3 (PO4)3- antisymmetric stretching mode. A band at 894 cm-1 (Ruggles 
sample) may be attributed to the ν3 (UO2)2+ antisymmetric stretching vibration. 
Calculated U-O bond length in uranyl (R = 91.41[ν3(UO2)2+]-2/3 + 0.804 Å)  is 1.789 
Å, which is close to the average value 1.778 Å for all uranyls in the crystal structure 
of phosphuranylite. Corresponding infrared bands are observed at 907 and 895 (sh) 
cm-1 [27]. The infrared spectrum of of phosphuranylite has been published by Čejka 
in Reviews in Mineralogy Volume 38 28.  The infrared spectrum shows three strong 
absorbances at 1009, 1042 and 1090 cm-1.  The band at 1009 cm-1 is assigned to the ν1 
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(PO4)3- symmetric stretching mode, the band at 1042 and 1090 cm-1 to the ν3 (PO4)3- 
antisymmetric stretching mode.   
 
 The Raman spectra of phosphuranylite in the 900 to 1200 cm-1 region are 
reported in Figure 3.  The Raman spectra of the Minerva heights mineral sample 
displays two bands at 992 and 1016 cm-1 with a broad low intensity band centred at 
1122 cm-1.  Upon collecting the spectral data at 77 K, the former two bands shift to 
994 and 1020 cm-1.  In the 77 K spectrum the band at 1136 is attributed to the ν3 
(PO4)3- antisymmetric stretching vibration.  The band at 1016 cm-1 is assigned to the 
ν1 (PO4)3- symmetric stretching vibrations.  In the Raman spectrum of yingjiangite 
two bands are observed at 1047 and 1004 cm-1.  These bands are assigned to the the 
split ν3 (PO4)3- antisymmetric stretching vibration and the ν1 (PO4)3- symmetric 
stretching vibration, respectively.  For the phosphuranylite sample from Saddle Ridge 
two bands are observed at 1009 and 1050 cm-1 with an additional band at 1125 cm-1.  
The band at 1125 cm-1 is attributed also to the ν3 (PO4)3- antisymmetric stretching 
vibration.  The Raman spectrum of the mineral sample from Ruggles Mine shows 
more complexity with Raman bands observed at 1005, 1032, 1050 and 1124 cm-1.   It 
is possible that this mineral is a solid solution between phosphuranylite and some 
other diagenetically related uranyl phosphate mineral. This mineral contributes to the 
complexity of the Raman spectral profile with the additional band observed at 1032 
cm-1 (298K) and 1037cm-1 (77K).   
 
One possible assignment is that the band at 992 cm-1 is due to the ν3 (UO2)2+ 
antisymmetric stretching vibrations.  In the 77 K spectrum the band at 1136 is 
attributed to the ν3 (PO4)3- antisymmetric stretching vibration.  The band at 1016 cm-1 
is assigned to the ν1 (PO4)3- symmetric stretching vibrations.  In the Raman spectrum 
of yingjiangite two bands are observed at 1004 and 1047 cm-1.  These bands are 
assigned to the the ν3 (UO2)2+ antisymmetric stretching vibration and the ν1 (PO4)3- 
symmetric stretching vibration.  For the phosphuranylite sample from Saddle Ridge 
two bands are observed at 1009 and 1050 cm-1 with an additional band at 1125 cm-1.  
The band at 1125 cm-1 is attributed to the ν3 (PO4)3- antisymmetric stretching 
vibration.   The Raman spectrum of the mineral sample from Ruggles Mine shows 
more complexity with Raman bands observed at 1005, 1032, 1050 and 1124 cm-1. 
This increased complexity is attributed to the presence of another uranyl phosphate 
mineral perhaps in the form of a solid solution.  In comparison with the Raman 
spectrum of the uranyl phosphate mineral parsonite, two Raman bands close to 807 
and 796 cm-1 are attributed to the ν1 (UO2)2+ symmetric stretching modes, and the two 
bands close to 953 or 945 cm-1 and 863-873 cm-1 are assigned to the  ν3 (UO2)2+ 
antisymmetric stretching vibrations.   
 
 The Raman spectra of the phosphuranylite and yingjiangite minerals in the 
100 to 700 cm-1 region are shown in Figures 4 and 5.  Raman bands in the 368 to 476 
cm-1 are assigned to the split doubly degenerate ν2 (PO4)-3 bending vibrations (Table 
1). Bands of very low intensity in the 500 to 614 cm-1 region are attributed to the split 
triply degenerate ν4 (PO4)-3 bending modes.  For the mineral yingjiangite two Raman 
bands at 393 and 437 cm-1 are attributed to the ν2 (PO4)-3 bending vibrations and the 
two bands at 531 and 577 cm-1 are assigned to the ν4 (PO4)-3 bending modes.  In the 
infrared spectrum reported by Čejka 28 the ν2 (PO4)-3 bending modes were observed at 
431 and 471 cm-1 and the ν4 (PO4)-3 bending modes at 540 cm-1.   
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Uranyl, (UO2)2+, bending vibrations 
 
 The spectral patterns in the 100 to 300 cm-1 are similar for the three samples 
analysed and at the two temperatures (Figure 4 and 5). The spectra consist of a 
complex pattern of overlapping bands. Bands are observed at around 111, 150, 166, 
210, 267, 295 cm-1 (Table 1).Bands observed at lower wavenumbers than 300 cm-1 are 
assigned to the ν2 (δ) (UO2)2+ and ν (U-Oligand) and δ(U-Oligand) vibrations without any 
detailed attribution. Three bands are observed at 281, 255 and 206 cm-1. The bands 
are observed at 280, 258 and 209 cm-1 at 77 K.  The intense band at ~153 cm-1 may be 
ascribed to (H3O)+ symmetric stretching vibrations.   
 
 
OH stretching region  
 
 The Raman spectra of the OH stretching region of phosphuranylite and 
yingjiangite are shown in Figures 6 and 7.   The spectra are noisy. Perhaps this is not 
unexpected as Raman spectroscopy is not sensitive to water as water has a low 
scattering cross-section. The spectrum of the Minerva heights sample shows a single 
band at 3497 cm-1. This band is resolved into two components at 3476 and 3513 cm-1 
at 77K.   The Raman spectrum of the saddle ridge sample shows two bands at 3506 
and 3535 cm-1. The Raman spectrum of the Ruggles Mine sample shows a broad band 
centred upon 3497 cm-1. This band is resolved into two components at 3460 and 3513 
cm-1.  The infrared spectrum as published by Cejka showed a strong absorbance at 
3442 cm-1 with a shoulder at 3200 cm-1.  According to Demartin et al. the hydronium 
ion should be included in the structure of phosphuranylite 17. However such a 
conclusion is open to question as there is no spectroscopic evidence for this concept 
as no hydronium bands are observed in either the Raman or the infrared spectra. In the 
infrared spectrum of the related mineral yingjiangite infrared transmission bands are 
observed at 3500 cm-1 with a shoulder at 3200 cm-1.  Such band positions are typical 
of hydrogen bonded water molecules as might be found in the structure of this 
mineral. However again no evidence for the formation of hydronium ions was 
obtained.   In the Raman spectrum of yingjiangite bands are observed at 3180 and 
3510 cm-1 at 298 K.  O-H…O bond lengths vary approximately in the range 2.86 – 
2.94 Å 62 
 
Conclusions 
Raman spectra of three samples of phosphuranylite measured at 298, and 
infrared spectrum of one of these samples are presented and interpreted with regard to 
the (UO2)2+ and (PO4)3- stretching and bending vibrations. Short comment is given to 
the role of water in the crystal structure of phosphuranylite. U-O bond lengths in 
uranyls are calculated with available empirical relations RU-O = f[ν1(UO2)2+] and RU-O 
= f[ν3(UO2)2+] and compared with those from  published X-ray single crystal structure 
data of phosphuranylite.   
 
Raman spectra of phosphuranylite and yingjiangite were measured and 
interpreted. Bands related to the (UO2)2+ and (PO4)3- stretching and bending 
vibrations, OH stretching vibrations and water bending vibrations were attributed. U-
O bond lengths in uranyl were calculated using the wavemubers of the ν1 and ν3 
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(UO2)2+ stretching vibrations. The values are in agreement with those inferred from 
the asingle crystal structure of phosphuranylite. Approximate O-H…O hydrogen 
bonds were calculated. No indication for the presence of hydronium  ions in the 
crystal structure of phosphuranylite, proposed by Demartin et al. , was observed in 
this paper. It is concluded that the minerals phosphuranylite and yingjiangite are in 
terms of Raman spectroscopy identical.    
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Minerva 
Heights 
298K   77K   
Saddle 
Ridge 
Mine 
298K   
Ruggles 
Mine 
298K   77K   
Center FWHM Center FWHM Center FWHM Center FWHM Center FWHM
      3535 19        
3497 84 3513 25 3506 128 3497 114 3513 115 
   3476 27       3460 76 
2927 293          3092 33 
1585 69       1597 46     
1314 62 1319 27       1206 116 
   1258 44           
1122 85 1136 24 1125 21 1124 22 1124 26 
            1092 62 
         1055 135 1056 19 
      1050 18 1050 20     
         1032 15 1037 28 
1016 26 1020 14           
   994 10 1009 20 1005 32 1005 32 
992 16 992 30           
   964 13           
         894 25 895 35 
      847 7 841 10 845 10 
      843 8        
      837 31 832 12 838 17 
815 32 811 28 816 22 817 69 816 47 
805 15 805 11    812 25     
793 49 790 6           
768 16 774 17           
655 36              
613 21 614 13    616 49 623 19 
   575 17       576 26 
564 52 558 20 566 27 569 34     
            539 77 
      532 26 536 26 536 11 
         515 9     
   506 15    511 80     
      500 56    490 40 
452 28 463 10    476 16 459 14 
   447 14    452 19     
435 21 444 24 439 30 437 18 443 28 
   429 15    421 18 423 12 
   415 9 417 14        
404 33 403 30 394 18 398 15 400 44 
         396 49     
      368 17        
295 23 301 9 294 19        
   294 6           
 12
         287 23 275 42 
263 33 266 12 267 37 267 19     
   253 12           
      240 19 238 35 234 31 
   228 5 227 15        
220 11 218 14           
211 70 193 10 205 44 208 21 210 20 
175 23 166 7 166 33 161 19 166 22 
152 23 153 16 145 25 147 18 148 21 
   141 12           
111 11 111 12 117 21 112 13 114 14 
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